Background: The epidemiology and clinical outcome of gastroenteropancreatic signet ring cell carcinoma (SRC) were not well illustrated. We aimed to explore the long-term epidemiology and predictors affect the overall survival (OS) of patients with SRC in gastrointestinal tract and pancreas.
Introduction
Signet ring cell carcinoma (SRC) is a rare and distinct entity of adenocarcinoma whose morphological appearance is characterized by abundant intracytoplasmic mucin pushing nucleus to the periphery at least 50% of the tumor volume according to World Health Organization (WHO) (1) . Generally, biological behavior of SRC has been considered more aggressively than other histological subtypes of adenocarcinoma (2) (3) (4) . However, different primary site of SRC showed inconsistent clinical features and prognosis (4) (5) (6) (7) . The comprehensive understanding of SRC in gastrointestinal tract and pancreas is not well illustrated, particular for site-specific differences in incidence, prevalence and long-term survival. There are still uncertainties if the prognostic impact of different anatomic sites on clinical features and survival outcomes (8, 9) . Therefore, it is of great importance to clarify the distribution and prognosis of SRC in different sites of gastrointestinal tract and pancreas in a large population.
A retrospective site-stratified analysis was performed using the Surveillance, Epidemiology and End Results (SEER) database included only primary gastroenteropancreatic SRC patients who were diagnosed between 2000 and 2014. The purpose of our study was to investigate the impact of different primary tumor sites on clinical features and median overall survival (OS) outcomes in patients with gastroenteropancreatic SRC. Finding in this large population-based study may help to provide a comprehensive epidemiologic picture on the prevalence and prognosis of gastroenteropancreatic SRC.
Methods

Data collection
The National Cancer Institute's SEER database was investigated in this study; this database was released in November 2016 and included cancer registries covering 28% of the US population. The SEER Quality Improvement Programme established strict quality control of cancer registries and maintained them through continual monitoring, assessment, and education. The data released by the SEER database do not require informed patient consent since cancer was a reportable disease in the United States. We obtained the permission to access the SEER database with the ID number 10947-Nov2016 via Internet access method. Cases of invasive gastroenteropancreatic (esophagus, stomach, small intestine, appendix, colon, rectum and pancreas) SRC [International Classification of Diseases for Oncology (ICD-O)-3 8,490/3] reported to the SEER program from January 2000 to December 2014 were included in this study.
Classification of gastroenteropancreatic SRC
According to version 3 of the ICD-O, the pathological characteristics included grade (Grade I: well-differentiated; Grade II: moderately differentiated; Grade III: poorly differentiated; Grade IV: undifferentiated or anaplastic). Due to the number was limited; Grade I and Grade II were combined into just one category for the analyses.
Statistical analysis
The differences in continuous data were detected by Oneway ANOVA with the Student-Newman-Keuls post hoc test. The differences in categorical data were compared by the Chi-square test. The annual incidence rates, which were age adjusted to the 1970 standard million US population, expressed as cases per 1,000,000 persons. The incidences and OS rates in the period of 2000-2014 were calculated by SEER 18 databases to maximize the representativeness of this study. The time of follow-up for all analyses was from the deadline of study, date of diagnosis until death, or date of last contact.
Multivariable differences were considered significant at P<0.05.
Results
Demographic characteristics
A total of 24,613 SRC were collected in the SEER program from January 2000 to December 2014, 11,318 (46.0%) were women and 13,295 (54.0%) were men. White patients accounted for 76.2%, whereas 11.7% were Asian/Pacific islander, 10.9% were African American, and 0.7% were American Indian/Alaskan native. The baseline characteristics in this study were showed in Table 1 . The mean age at diagnosis of gastroenteropancreatic SRC was 63.9 years. The mean age at diagnosis varied significantly among the tumor types. People diagnosed with appendix SRC were significantly younger (mean age, 58.8 years) than people diagnosed with SRC located in any of the other site (P<0.01 for all comparisons). A higher proportion of SRC located in appendix, colon and rectum were female compared to SRC located in esophagus, stomach, small intestine and pancreas (P<0.01). Irrespective of site, most of the SRC was Grade III/IV tumor. Tumor extension at the time of diagnosis varied by location of disease. Distant metastasis of patients with colorectal SRC was less common than the disease with other locations (P<0.01).
Annual incidence
The incidence of gastroenteropancreatic SRC accounted for approximately 3.2-3.4% in all gastroenteropancreatic carcinoma. The proportion varied by tumor location (2.4-2.8% in the esophagus, 15.9-17% in the stomach, 1.1-1.8% in the small intestine, 5.1-6.3% in the appendix, 1.2-1.3% in the colon, 0.6-0.7% in the rectum, and 0.4-0.5% in the pancreas). The annual age-adjusted incidence of gastroenteropancreatic SRC was 2.209 per 100,000 persons in 2000 and dropped to 1.759 per 100,000 persons by 2014 as shown in Figure 1 . Age-specific incidence rates were calculated for 3 age groups: 65 years or older, 50 to 64 years, and younger than 50 years. The most dramatic drop in incidence was notable in patients 65 years or older with 32.1% drop to 6.847 per 100,000 persons and, in those 50 to 64 years, to 3.254 per 100,000 persons. The incidence rate in those younger than 50 years remained stable. The annual percentage changed for age-adjusted incidence from 2000 to 2014 in SEER 18 was −1.79 per 100,000 persons (P<0.001).
The decrease in the incidence of gastroenteropancreatic signet ring carcinoma in the period of 2000 to 2014 appeared across all stages, grades and all site apart from appendix (rise 2.9 times) and esophagus (remained stable) ( Figure 1) . The declines in incidence for various sites ranged from 30.4% in the colon to 19.8% in the stomach. In subgroups stratified by stage, all groups showed small decline, the overall trend was not evidence (Figure 2A ). Among grade groups, incidence decreased the most in Grade II gastroenteropancreatic SRC, from 0.129 per 100,000 persons in 2000 to 0.042 per 100,000 persons in 2014 (P<0.001) ( Figure 2B) . In SEER 18 [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] , the highest incidences were 1.273 per 100,000 persons in the stomach, 0.41 per 100,000 persons in the colon, 0.12 per 100,000 persons in the esophagus, 0.075 per 100,000 persons in the rectum, 0.048 per 100,000 persons in the pancreas, 0.047 per 100,000 persons in the appendix, and 0.026 per 100,000 persons in the small intestine (Figure 1 ).
Survival
The median OS time for all patients was approximately 11.1 months. Patients with localized gastroenteropancreatic SRC showed better median OS (55.6 months) in comparison with regional gastroenteropancreatic SRC (19.4 months) and distant gastroenteropancreatic SRC (5.6 months) (P<0.001). Of those with known grades, the median OS of Grade I/II gastroenteropancreatic SRC was 21.4 months, and Grade III/IV SRC had a worse median OS (12 months) (P<0.001). SRC in the appendix (26.1 months) had the best median OS among site groups, while SRC in the pancreas (3.4 months) had the worst median OS. As a whole, irrespective of site, patients with SRC had poor survival. All of these differences in median OS were significant (P<0.001).
Survival patterns in the localized, regional and distant disease were evaluated according to different site and stage. In localized gastroenteropancreatic SRC, median OS was observed ranged from 5.8 months in the pancreas to 137.4 in the appendix. In regional gastroenteropancreatic SRC, median OS ranged from 8.2 months for SRC in the pancreas to 51.3 months in the appendix. Irrespective of site, patients with distant SRC had poor survival, median OS ranging from 2.1 months in the pancreas to 17.9 months in the appendix. The median OS differences in gastrointestinal tract and pancreas were observed to be significant between them (P<0.001 for log-rank test) ( Figure 3A) . Furthermore, median OS were evaluated according to site and grade. Patients with Grade I/II appendix SRC had the longest median OS (99.1 months). Irrespective of site, patients with Grade III/IV SRC showed poor survival, median OS ranging from 3.8 months in the pancreas to 25.2 months in the appendix. All of the median OS differences were observed to be significant between them (P<0.001 for log-rank test) ( Figure 3B) .
Eventually, the SEER 18 cohort [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] was focused on to evaluate the latest trends in OS for gastroenteropancreatic SRC. Between 2000-2012, median OS of gastroenteropancreatic SRC was improving slightly (Figure 4) . The improvement in survival over the same time intervals was more pronounced in the subgroup with localized and regional SRC. Among grade groups, the improvement in survival over the same time intervals was more pronounced in the subgroup with Grade I/II SRC. The survival of Grade III/IV SRC was not improved significantly.
Multivariable Cox analysis of OS
Multivariable Cox analysis was performed with hazard ratios (HRs). We found that patients with Grade III/IV SRC (HR, 1.27; 95% CI, 1.17-1.38) had worse OS than did those with Grade I/II SRC. Age, race, gender, stage, and site were all found to have significant correlation with survival. OS was worse in regional gastroenteropancreatic SRC (HR, In these 2 sub-cohorts we also found better survival in recent years compared with previous years. All of the above comparisons were significant at P<0.001.
Discussion
SRC is a rare histological subtype of adenocarcinoma and current knowledge is mostly derived from single institution studies based on small population size, to gain comprehensive insight into this rare malignancy, we utilized the SEER database to ensure a large sample size, including a total of 24,613 patients with gastroenteropancreatic SRC. We clarified the US epidemiological changes of gastroenteropancreatic SRC from 2000 to 2014. Meanwhile, findings in this study could shed new light on the sitespecific differences in long-term survival.
In this population-based study, a slightly decreasing trend in the overall incidence of gastroenteropancreatic SRC was observed, except for appendix and esophagus. Specifically, our analysis revealed that SRC increased more than 2.9 times in the appendix and maintained stable in esophagus, which might partially be attributed to enhanced recognition of this disease entity. It had been known that a declining incidence of gastroenteropancreatic adenocarcinoma was observed in most recent years (10). Its similar evolving epidemiology with conventional adenocarcinomas is possible the reason why the incidence of SRC seems to be decreasing steadily from 2000 to 2014. With regard to the proportion of SRC in primary gastroenteropancreatic neoplasm, the stomach and appendix were the most common primary sites, followed by the colorectum, small intestine and pancreas. This finding was in line with previous study (9) showed that SRC was less frequently found in pancreas and lower gastrointestinal tract. Similarly, the gender distribution of SRC in appendix and colorectum was female predominated, whereas other sites of gastroenteropancreatic SRC were higher in men than women. Additionally, appendiceal SRC tended to onset in younger age at presentation, which manifested 5.9 years earlier than the average age of gastroenteropancreatic SRC. Specifically, in our analysis on the age distribution, the declined incidence of SRC was mainly associated with the drop in older than 50 years people, especially for aged 65 years and the older group. Interestingly, there was almost no significant change in younger and 50 years old group, a finding consistent with other reports (11, 12) . The possible reasons for this was an increasing number of screening endoscopies and imaging technology performed in age older than 50 years people, in whom first cancer screening was most likely to occur. Furthermore, gastroenterological endoscope techniques could perform detection and resection early, which was also useful to prevent tumor progression at an early stage (13, 14) .
With convincing data in our series that gastroenteropancreatic SRC tends to carry the poor prognosis with a high proportion of metastasis at diagnosis. After adjustment for other covariates, multivariate Cox proportional model analysis suggests median OS of patients with SRC was the worst in pancreas, accompanied with SRC in the esophagus and stomach had the second worst OS. The more aggressive behavior of SRC in pancreas and the upper gastrointestinal tract, rather than colorectal SRC, may reflect the underlying different molecular profiles, although the carcinogenesis of SRC in the different sites of GI tract and pancreas is largely unknown. Interestingly, our finding showed appendiceal SRC had the best prognosis, followed by the colon and rectum. Similarly, synchronous distant metastasis was less commonly found in patients with colorectal SRC, ultimately implying a better outcome for these patients, than in those with the remaining gastroenteropancreatic SRC.
Meanwhile, this finding agreed with other studies (12, (15) (16) (17) (18) showed that SRC tumors were more frequently poorly differentiated and undifferentiated pathological grade as well as advanced stage with more distant metastasis involvement. Based on this observation, the majority of cases presented in stage III and IV. Similarly, the grade distribution at diagnosis was skewed to poorly differentiated and undifferentiated pathological grade. This finding did not align with a previous study in Asian that patients reported with a more frequent presentation in earlystage (19, 20) . The possible reasons for this is largely due to patients with SRC in US population have distinct features from the Asian population, whose SRC located in esophagogastric junction and upper stomach were less common in Asian (21) . Specifically, in our data analysis on different races, disparities are seen in survival rates between Asian Americans and white people. Asian American had better prognosis than African American, whereas white people lay in between them, although we did not investigate the cause of this racial disparity.
It has been known that patients of early gastric carcinoma with SRC conferred a more favorable prognosis after standardized surgical procedure than advanced stage SRC (22, 23) .Our study was in line with the reported by Bamboat et al. (24) , which, despite its small sample size, suggested that the prognostic impact of signet ring gastric cancer may be dependent on tumor stage. Interestingly, our notable finding was that appendiceal SRC had more favorable prognosis than remaining gastroenteropancreatic SRC in the early stage. However, advanced stage of appendiceal SRC was still should be considered as an unfavorable high risk of this disease. Researchers have previously reported that SRC of the stomach does not necessarily portend a worse prognosis when adjusted for stage (25) . Consequently, we believed that stage-adjusted analysis was important in clarifying the prognosis of SRC.
The analysis regarding the pathological grade revealed that SRC was the more frequent presentation of poor differentiated and undifferentiated grade at diagnosis. Subgroup analysis was conducted in gastroenteropancreatic SRC of Grade I/II and Grade III/IV, suggesting that poor prognosis of SRC was also associated with the poor differentiated and undifferentiated pathological grade (26) . Grade III/IV was another critical factor leading to the poor prognosis of gastroenteropancreatic SRC. Therefore, the poor prognosis of SRC was mainly caused by high tumor stages and poor differentiation at the time of diagnosis. US population had a small number of patients in early-stage and Grade I/II group may explain the reason why we reported gastroenteropancreatic SRC had a worse prognosis than the Asian countries (20) .
Survival for overall gastroenteropancreatic SRC had just improved slightly over a period of 15 years, reflecting few therapeutic advances on the survival of patients with SRC in gastrointestinal tract and pancreas. Upon further analysis, the improvement of survival was mainly associated with the enhancement of localized and regional stage people, especially for SRC in pathological Grade I/II, whereas survival rates were more static for distant SRC and Grade III/IV SRC. The poor survival outcome of gastroenteropancreatic SRC was another reason why more attention should be paid to early detection and assessment of SRC. This observation highlighted the importance of SRC screening with routine endoscopy and radiologic imaging techniques to identify and treat this entity disease at early stage. Thus, a widely accepted early screening detection program should be recommended. Furthermore, an increasing number of screening endoscopies also could help to earlier detection of these lesions and to a speedier definite treatment.
In addition to stage, grade and primary site, multivariate Cox proportional model analysis demonstrated that the gender, age and race were other independent risk factors for the prognosis of gastroenteropancreatic SRC, which was helpful for risk stratification and therapeutic management of this entity disease. Therefore, these prognostic implications should be taken into consideration for therapeutic guideline development and treatment decision making of the disease. Surgical resection was still the mainstay treatment for the disease, followed by adjuvant chemotherapy and radiotherapy. Although advances had been made in the treatment of patients with gastroenteropancreatic adenocarcinoma, therapies response of patients with SRC in the advanced stage or poor differentiation grade was still unfavorable. It is necessary to explore new therapeutic modalities to achieve further improvements in the clinical outcome for this subset patient (27, 28) .
Limitation and strength
Due to a lack of relevant clinical information regarding adjuvant chemotherapy or radiotherapy strategies, we acknowledged several limitations existed in this study. Additionally, several known predictive factors were not captured by the SEER database, such as surgical strategies, distant metastasis site, and recurrence-free survival, if available, which would provide an insight into analysis of incidence and survival in patients with gastroenteropancreatic SRC. Such drawbacks were inherent to all studies that relied on retrospective data. However, SEER database is one of the largest registries allowing comparative analysis for gastroenteropancreatic SRC. To our knowledge, this is the most comprehensive and up-todata population-based study to evaluate the demographic characteristics, incidence and long-term survival outcomes of gastroenteropancreatic SRC according to the gender, age, race, stage, grade and primary tumor site.
Conclusions
The present study provided a comprehensive epidemiology and prognosis picture of gastroenteropancreatic SRC. Majority of heterogeneous SRC tended to carry the poor prognosis with a high proportion of distant metastasis. The poor prognosis of SRC in US population was mainly caused by high tumor stages and poor differentiation at diagnosis.
